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(54) ntle: ELECIRODELESS LOW-PRESSURE DISCHARGE LAMP 



(57) Abstract 

An clcctiodeless low-pressoxe discbvsc lamp Bccartling to the 
invention i$ provided with & diacharge vessel (10) whidi is dosed in 
8 gastigfat manner, whidi has a caidty (31), which encloses « diH;hatg!e 
space, and wind; is piovidod whh an ipnizablc 6TIin(_ A caQ (20) with 
a'winding (21) of an electric conductor and an assembly (30) of a heat 
conductor (31) and one or «cv«al elongate coics (32) of ao(ft*ina|;tietic 
nuteiial ate accommodated In the cavity. The coxes (32) aic arranged 
9long a langitwUtn] BJi}» (33) of the boa coftductor (3 1) in One or several 
loccsses (34) of the beat conductor which isw into a drcunfeiential 
«&rface (36) dt die assembly (30). The heat conductor (31) occupies 
at least hfllft the cbniinfettncc tn a cross section peipendicolar to the 
longitudinal axis (33) of the assembly (30). The constructkm of the lamp 
accoiding to the inventcan tesideis possible lamp opetatlon at higher lamp 
powers also without the use of a fwat pipe. 
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Hectroddc&s law-pressure discharge iamp. 



The invention relates to an elecirodeless low-pressure discharge lamp 
provided with a discharge vessel which is closed in a gaslight mariner, which has a cavity, 
which encloses a discharge space, and which is provided with an ionitablc filling, while a 
coil with a winding of an electric conductor and an assembiy of a heat conductor with one or 
5 several elongate cores of soft-inagnetic material are accommodated in said cavity, which 
cores are arranged along a longitudinal axis of the assembly in one or several recesses of the 
heat conductor which issue into a circumferential surface of the assembly. 



10 An electrodeless low-pressure discharge lamp is knoMm from 

US 3,987^35 » provided with an annular core of soft-magnetic materia! in a metai sheatb. 
The sheath has mutually overlapping edges along the inner circumference of the core« which 
edges are fastened to one another with glass so as to insulate them electrically from one 
another and ^feguard a gastight closure of the discharge vessel. The core with its sheath is 

15 partly accommodated in the discharge space and panly extends outside this space. A metal 
strip for removing heat absorbed by the sheath is fastened to the sheath. Such a lamp is 
dif^cult to manufacture. On the one hand it is difficult to form a sheath around an annular 
core from a single piece of metal. On the other hand, the presence of the mutually 
overlapping edges along the inner circumference of the core renders the manufacture of a 

20 gastight closure difficult 

A lamp of the kind described in the opening paragraph is much easier to 
assemble when the coil by means of which the lamp is operated and the accompanying 
assembly are positioned entirely outside the discharge space. Such a lamp is known from 
US 4,536,675. In the known lamp, the discharge vessel has a filling of mercury and argon^ 

25 and an inner surface of the discharge vessel is provided with a luminescent layer. The coil 
arranged in a cavity of the discharge vessel surrounds a circumferential surface of an 
assembly of a copper heat conductor with four rod-type cores of soft-magnetic material. The 
cores are arranged in recesses bounded by four ribs of the heat conductor and issuing into the 
circumferential surface of the assembly. The heat conductor is to counteract an excessively 
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high lemperalure of ihc cores of soft-magttttic maierial. This is because the magnetic 
permeability of the soft-magneiic material falls shaiply at a too high temperature. This is 
disadvaniageous for the luminous efficacy of the lamp. The Jamp may even extinguish then. 
The known lamp is suitable for opciation ai a power of 15 W, which is comparatively low. It 
5 is stated iti the Patent document that the effect of a heat conductor outside the core is small 
in the case of cores having a shape otiier than the annular shape, as shown in USP 
3,987»335, owing to eddy currents occurring in the heat conductor, 

US 5,006,752 discloses an elecirodeless low-pressure discharge lamp in 
which a heat pipe is used, accommodated in the core of the assembly, instead of a solid heat 

10 conductor. This heat pipe is a closed tube in which heat transport takes place thrxiugh a 
medium capable of evaporation. The medium absorbs heat upon evaporation at an end 
portion inside the core. When condensing at an opposed end ponion of the heat pipe, the 
medium releases the absorbed heat and flows back through capillary channels in tnt heat pipe 
to the end portions situated in the core. This consrruction renders lamp opeiaticm at higher 

15 powers possible. The lamp known from the Patent document is operated at a power of 
aiq)roximately 90 W, li is a disadvantage, however/that the heat pipe is a comparatively 
expensive component. 



2^ It is an object of the invention to provide a lamp of the kind described in 

the opening paragraph which is suitable for operarion ai higher powers and in which the use 
of a heat pipe is unnecessary. 

To achieve this object, according to the invention, the lamp of the kind 
described in the opening paragraph is characterized in that the heat conductor occupies at 

25 least half the circumference of the assembly in a cross-seaion perpendicular to the 

longitudinal axis. If the heal conductor accounts for less than half the circumference of the 
assembly, the heat transfer is insufficient because the thermal contact between the heat 
conductor and the cavity of the discharge vessel is insutTident for an efficient heat transfer 
between these components. In a practical embodiment, the fraction of the circumference of 

30 the assembly occupied fay the hcai conductor lies, for example, in a range from 0.60 to 0.95. 

In the lamp according to the invention, the one or several cores of soft* 
magnetic material have an elongate shape, and the heal conductor extends in radial direction 
outside said one or several cores to a considerable extenu The inventors have found that heat 
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generation in the heat conductor owing to eddy current losses is sufficiently small for 
facilitating an efficient lamp operation and a satisfactory operation of the heat conduaor, 
provided the recesses in the heat conductor issue into the circumferential surface. The lamp 
according to the invention is particularly suit^le for operation at comparatively high lamp 
5 powers, for example, powers from 100 to 200 W. 

In contrast to the lamps known from US 4.536,675 and US 5,006,752, 
where the heat transport from the cavity to the heat conductor takes place to a major degree 
lhiou|h the one or several cores of soft-magnetic material, said one or several cores of soft- 
magnetic material hardly play a part in the heat transport in the lamp according to the 

10 invention. The inventors further found that the heat generation in the cores themselves is 
negligible compared with the heat generation in the discharge vesseL The cores of soft- 
magnetic material may therefore be accommodated in the recesses in the heat conductor with 
a wide tolerance. This is favorable in the manufaaure of the cores and the heal conductor as 
well as during the assembly of said components. 

15 In a favorable embodiment of the lamp according to the invention, the 

heat conductor accounts for at least one fourth, for example one third up to two thirds, of the 
total surface area of the assembly of the heat conductor and the one or several cores of soft- 
magnetic material in the cross-seaion perpendicular to the longitudinal axis. This provides 
for a great freedom of design, in particular as to the choice of material for the heat 

20 conductor. 

Suitable nmierials for the heat conductor are. for example, copper and 
aluminum. Alloys such as brass, for example CuZn,5, are also suitable. Copper has the 
advantage of a high thermal conductivity. Aluminum is light and inexpensive and in addition 
easy to machine. The material of the heat conductor may comprise additives, for example 
25 silicon, for improving its machining qualities. 

The winding of the coil may be accommodated in a recess of the heat 
conductor together with a core of soft-magnetic maieria! surrounded by it. This has the 
advantage that the winding cannot adversely affect the heat transport from the cavity to the 
heat conductor. It may be necessary to provide additional means, such as an auxiliary 
30 electrode, for igniting die lamp. An embodiment which is easier to assemble is one in which 
the winding completely surrounds the assembly of the heat conductor and the one of several 
cores of soft- magnetic material. 

Several cores of soft-magnetic material may be accommodated in a single 
recess of the beat conduaor. The recess may, for example, issue into the circumferential 
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surface of the assembly adjacent each core, but may alternatively issue into a joint cjpening 
for the cores. 

The heal conductor may have a portion which extends beyond the cores of 
soft-magnetic material. This ponion may end, for example, in a flange for facilitating a 
• 5 better heat transport to a hear sink. In that case, a first ponion of the heal conductor forraing 
an assembly with the cores of soft-magnetic material, a second portion extending beyond 
that, and the flange may be separate components. The first portion may have, for example, a 
ctt>ss-section which is constant over its length, for example manufactured in an extrusion 
process, while the second ponion and the flange are manufactured, for example, in a die- 
10 casting process. Preferably, however, said portions and the flange are integral. This is 
favorable for the heat transport and simplifies lamp assembly. 

A favorable embodiment of the electrodeless low-pressure discharge lamp 
according to the invention is characterized in that the assembly comprises at least two cores 
of soft-magnetic marcrial which are arranged in the heat conductor around the longitudinal 
15 axis of the assembly. The lamp has a comparatively high luminous efficacy in this 

embodiment. In addition, this construction contributes to a reduction of the electromagnetic 
interference caused by the lamp. 

In an attractive embodiment of the lamp according to the invention, the 
heat conductor has a recess with a laterally clearing shape on either side of the longitudinal 
20 axis. A heat conductor having this shape can be easily manufactured in a die-casung process. 

The lamp according to the invention may be provided with an exhaust 
tube. A preferred embodiment of the lamp according to the invention is one in which the 
cavity of the discharge vessel is provided with an exhaust tube which extends centrally within 
the assembly. The exhaust tube is better protected against damage here than in an 
25 embodiment in which the exhaust tube is fastened to a portion of the discharge vessel which 
surrounds the cavity. 

An advantageous eml)0diment of the electrodeless low-pressure discharge 
lamp according to the invention is characterized in that the cavity is provided with a UV- 
rcfleaing layer. This layer prevents ultraviolet radiation from being absorbed by the cavity 
30 or components arranged therein, so thai the thermal load on the cavity and these components 
is further reduced. A luminescent layer may be provided on the former layer. 

These and other aspects of the invention will be explained in more detail 
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with reference to the drawing, in which 

Fig. 1 is a longitudinal view of the lamp acconling to the invention, partly 
in cross-section, partly in elevation. 

Fig. 2 is a cross-section of the assembly of the lamp taken pn the line II-II 

5 in Fig. 1, 

Figs. 3 and 4 are cross-sections of the assemblies of a second and a thinl 
embodiment, respectively, and 

Fig, 5 is a cross-section of an assembly of a lamp not according to the 
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mventtOR. 



The electrodeless low-pressure discharge lamp shown in Fig. 1 is 
provided with a discharge vessel J 0 which is closed in a gaslight manner, which has a cavity 
U and a discharge space, and which is provided with an ionizable filling. The discharge 

15 vessel 10 Is fastened by means of cement 18 to a holder IS of synthetic resin and can rest on 
seats 19 in said holder. The lamp here contains an amalgam 16 of mercury with an alloy of 
bismuth and indium so as to maintain a mercury vapor pressure of approximately 0.5 Pa in 
the discharge vessel during nominal operation, while the discharge vessd 10 in addition has a 
filUng of neon and argon (90/10% by volume) with a filling pressure of 33 Pa. The 

20 discharge vessel 10 supports a luminescent layer 17 on its inner surface. A coil 20 with a 
winding 21 of an electric conductor is accommodated in the cavity 1 1 . In the embodiment 
shown, the winding 2 1 has twenty-one turns 22 evenly distributed over a length of 80 mm 
around a syntheuc-resin coil former 23. Suitable synthetic resins for this are, for example, 
polyphcnylene sulphide and polyether etherketonc. Tlie synthetic resin Of the coil former may 

25 be reinforced wiOi glass fibers. The coil 20 surrounds an assembly 30 of a copper heat 
conductor 31 and of one or several cores 32. here one cylindrical cor«, of sofi-magnetic 
material (shown in cross-section in Fig. 2). The cylindrical core 32 is made here from a 
NiZn-ferritc with a magnetic permeability value of 150. The cylindrical core 32, which has a 
diameter of 22 mm and a length of 80 mm. is arranged along a longitudinal axis 33 of the 

30 assembly 30 in a recess 34 of the heat conductor 3 1 , which is also cylindrical. The heat 
conductor 31 has a diameter of 28 mm. The recess 34 of the heat conductor issues into the 
circumferential surface 36 of the assembly 30 via eight slits 35a...h of 1 mm width evenly 
distributed over the circumference. Slits 3Sb...d are shown in Fig. I with broken lines. The 
heat conductor 31 extiends with an end portion 31a to beyond the cylindrical core 32 of soft- 
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magnetic material up to an end 15a of the synthetic-resin holder 15, where it is provided 
with a flange 31b with threaded holes 37a, 37b for fastening the heat conductor 32 to a heat 
sink (not diown). The cylindrical core 32 has a cavity 38 of 9 mm diameter. In the extended 
direction thereof, the heat conductor 31 has a cavity 39 of equal diameter, 
5 The assembly 30 has a circumference of 88 mm in a cross-section II-II 

perpendicular to the longitudinal axis 33 (see Fig. 2). The heat conductor 80 accounts for 
80 mm thereof, i.e. more than half, here a fraction 0.91 of the circumference* The heat 
conductor 31 and the core 32 of sofl-ntagnetic material have surface areas of 212 mm^ and 
317 mm^, respectively, in ilie cross-section II-IL The heat conductor 31 accordingly accounts 

10 for at least one founh, here a fraction 0.40, of the total surface area of the assembly 30 of 
the heat conductor 31 and the one or several cores 32 of soft-magnetic material. 

In the embodiment of the lamp according to the invention shown in Figs. 
1 and 2, the discharge vessel 10 is provided with an exhaust lube 12 at ru cavity 1 1, which 
lube extends centrally within the assembly 30 through the cavity 38 in the core 32 of soft- 

15 magnetic material into the cavity 39 of the end portion 31a of the heat conduaor 31, 

In a modification of the embodiment shown, the cavity 11 may have, for 
example, a UV-reflecting layer underneath or instead of the luminescent layer 17. 

^ The lamps described below with reference to Figs. 3 to 5 differ from the 

lamp of Figs. 1 and 2 exclusively in the assemblies used therein. 

20 The assembly of a second embodiment of the lamp according to the 

invention is shown in cross-seciton in Fig. 3. Components therein corresponding to those of 
Fig. 2 have reference numerals which are 100 higher. The assembly 130 shown comprises a 
cylindrical heat conductor 131 with a diameter of 28 mm. At least two, in this case four 
cylindrical cores I32aw.d of soft-magneiic material with a diameter of 9 mm aie arranged 

25 around the longitudinal axis 133 in peripheral compartments I34a...d of a recess 134 in the 
heat conduaor 131. The recess 134 in the heat conductor 131 further has a centr^ 
compartrnent 134m for accommodating an exhaust tube connected lo the cavity of the 
discharge vessel. The peripheral compartments 134a...d each issue into the circumferential 
surface 136 of the heat conductor 131 and together account for a fraction 0*20 of the 

30 circumference of the assembly 130 in the cross-section shown, which means that the heat 
conductor 131 occupies more than half the circumference. The heat conductor 131 accounts 
for more than one fourth, here a fraction 0.48. of the total surface area of the heat conductor 
131 and the four cores i32a...d of soft-magnetic material in the cross-section shown. 

In Fig. 4, components corresponding to diose of Fig. 2 have reference 
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numerals which are 200 higher. The heat conductor 231 of the assembly 230 shown therein 
has a recess 234a, 234b of a laterally clearing shape on either side of the longitudinal axis 
233, The cores 232a, 232b of soft-magneiic material arranged in the recesses 234a, 234b are 
of substantially rectangular cross-section. The heat conductor 231 occupies more than half, 
5 here a fraction 0.68, of the circuniference of the assembly 230 in the cross-section shown. 
The heat conductor 231 riccounts for 0.60, i.e. more ilun one fourth, of the total surfoce 
area. 

Fig. S shows a cross-seciion of an assembly of a lamp not according to 
the invention for the purpose of comparison. Components therein corresponding to those of 

10 Hg. 2 have reference numerals which arc 300 higher. The assembly 330 has a heat 
conduaor 331 of 9 mm iniemal diameter and 19.8 mm external diameter which is 
surrounded by a tubular core 332 of soft-magnetic material with an internal diameter of 
20 mm and an external diameier of 28 mm. The heat conductor 331 occupies a fraction 0*45 
of the surface area of the cn^ss-section perpendicular to the longitudinal axis 333. Tht heat 

15 conductor 331. however, does not form pan of the circumferential surface 336 of the 
assembly 330. 

In the ensuing description, the tamps of Figs. 2, 3 and 5 are indicated 
with invl, inv2, and ref, respectively. 

The inventors have found during experiments that the temperature Tl in 
20 the center of the cavity and the temperature T2 of the coil winding opposite this location 
assume high vaiues during operation. It is necessary for obtaining a long lamp life that Tl 
' -and T2 are below 300 and 260 respectively. The following values were measured for the 
. temperatures Tl and T2 of the lamps "invl", ''inv2" and "ref" during stationary operation at 
a power of 180 W. 






invl 


inv2 




Tl ("O 


283 


286 


297 


n CO 


239 


247 


263 



30 The temperature T2 of the winding remained we)! below the requirement of 260 "C in lamps 
according to the invention. This limit was exceeded, however, in the lamp "ref" not 
according to the invention. In addition, tlie upper limit of 300 *C for the temperatute Tl of 
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the cavity wall was approached closefy in this lamp. 

Luminous efficacies of 73.9, 75.9, and 77. ! ImAV were measured for the 
lamps "invl", "inv2% and "rer, respectively. The luminous efficacies of the lamps "invl" 
and "inv2'' accordingly were no inore than 4,2% and 1,5%, respectively, lower ihan the 

5 luminous efficacy of the lamp "rer. This demonstiates that the proportion of eddy currot 
losses in the total power dissipation of the lamp remains sufficiently low for facilitating an 
efficient lamp operation. The magneuc interference level caused by the lamps of Fi^, 3 
{"inv2'') and Fig. 4 was found to be approximately 0.5 dB lower than that caused by the 
lamps of Fig. 2 ("invr) and Fig. 5 C^rer). 

0 Further experiments showed that a small clearance between the soft- 

magnetic material and an internal heat conductor already led to a strongly reduced loading 
edacity of tJie lamp "ref not according to the invention. Clearance between the heat 
conductor and the soft-magnetic material in lamps according to the invention, on the other 
hand, was found to have scarcely any influence on the loading capacity of the lamp. 
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CLAIM&L 



1, An electrodeless low-pressure discharge lamp provided with a discharge 
vessel (10) which js closed in a gasiighi manner, which has a cavity (11), which encloses a 
discharge space, and which is provided with an ionizable filling, while a coil (20) with a 
winding (21) of an electric conductor and an assembly (30) of a heat conductor (31) with one 

5 or several elongate cores (32) of soft-magnetic material are accommodated in said cavity 
(ll)t which cores (32) are arranged along a iongitudinal axis (33) of the assembly (30) in one 
or several recesses (34) of ihe heat conductor (31) which issue into a circumferential surface 
(36) of the assembly (30), characterized in that the heat conductor (31) occupies at least half 
the circumference of the assembly (30) in a cross-section (II -11) perpendicular to the 

10 longitudinal axis (33), 

2, An eleccrodeless low-pressure discharge lamp as claimed in Claim 1, 
characterized in that the heat conductor (31) accounts for at least one fourth of the total 
surface area of the assembly (30) of the heal conductor (31) and the one or several cores (32) 
of soft-magnetic material in said cross^section. 

15 3. An electrodeless ]ow*pres5ure discharge lamp as claimed in Claim 1 or 2, 

characterized in that the assembly (130) comprises at least two cores (I32a,,:d) of sofl- 
magnetic material which are arranged in the heat conductor (131) around the longitudinal 
axis (133) of the assembly (130). 

4. An elearodeless low-pressure disciiarge lamp as claimed in Claim 3, 

20 characterized in that the heat conductor p31) has a recess (234a,234b) of a laterally clearing 
shape on either side of the longitudinal axis (233). 

5. An electrodeless low-pressure discharge lamp as claimed in any one of Ae 
preceding Claims, characterized in tl\at the cavity (11) of the discharge vessd'is provided 
with an exhaust tube (12) which extends centrally within the assembly (30). 

25 6* An electrodeless tow-pressure discharge lamp as claimed in any one of the 

preceding Claims, characterized in that the cavity (1 1) is provided with a UV-reflecting 
layer. 
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(54) Title: ELECTRODELESS LAMP WITH A HEAT CONDUCTOR 
(57) Abstraa 

An dectrodetess low-pressuit diK^ai^ge himp according to the 
inventioD is provided with a discfaar^ vessel (10) which a dosed in 
a gastight manner, which has a cavity (i \\ which oicloscs a discharge 
spai^e, And which is provided with an looiaablc filling. A coll (20) with 
a winding (21) of an electric conductor and an assembly (30) of a hcaf 
copdvctor (31) and one or scvex^ elongate cotes (32) gf soft-nuigDetic 
material are accommodated in die cavity. The ooics (32) arc arranged 
along a longitudinal axi& (33) of the h«rt conductor (31 ) in one or several 
receise* (34) of the heat conductor which issue into a circumferential 
sutftcc (36) of a»c assembly (30)» The heat COTductor (31) occupies 
at least halfl the circumference m a oou sectjon peipendiciilar to the 
UmglhaJinfll axis (33) of ctte assembly (30). Tbc construction of the lamp 
acconling to the invcntioo tenders poayitilc lamp operaiicm at Higher lamp 
powers also without the use of a heat pipe. 
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